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[57] ABSTRACT 

An alignment assembly for masking and a process for 
depositing a metallic coating on selected areas on the 
back side of a semiconductor wafer. The assembly and 
process involves a distinctive alignment chuck having 
a pattern of grooves therein and a mask aligned with 
the chuck. In the method, a photomask for the back 
side of the wafer is aligned with the grooves in the 
chuck, a wafer nested face down in the chuck, and the 
mask moved into contact with the back side of the wa 
fer. The front side of the wafer has a pattern of ridges 
that nest in the chuck grooves to align the wafer in the 
chuck. A photoresist layer on the back side of the 
wafer is subjected to an ultraviolet light through the 
photomask. Unexposed areas of photoresist are re 
moved to expose selected areas on the back side of 
the wafer on which a metallic coating can be depos 
ited. 

1 Claim, 4 Drawing Figures 
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POSITIVE SELECTIVE NICKEL ALIGNMENT 
SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to an alignment assembly for 
photomasking the back side of a semiconductor wafer 
relative to its front side, and to a method of using this 
assembly to deposit a metallic coating on selected areas 
of the wafer back side. More particularly, this invention 
relates to an assembly in which a photomask for the 
back side of a semiconductor wafer is automatically 
registered with particular regions on the wafer front 
side by nesting a pattern of ridges on the wafer front 
side with grooves in a distinctive alignment chuck. 

In some applications, it is desirable to have a metallic 
coating on the collector region or back side of discrete 
semiconductor dies. These metallic coatings serve as 
solderable areas, or electrodes, by which a low resis 
tance electrical connection can be made to the collec 
tor region. In most cases, it is economically advanta 
geous to apply such a coating to the discrete dies before 
they are separated from the wafer in which they are 
made. 
One widely used method of separating the discrete 

dies from the wafer involves chemical etching. In this 
method, one etches a grid pattern completely through 
the wafer, thus producing a plurality of discrete dies. In 
such instance, it is convenient for one to cover the en 
tire back side of the wafer with a blanket nickel coat 
ing. One then etches completely through the wafer and 
the nickel coating to form a plurality of discrete dies 
with each die having a nickel coating on its back side. 
This may be satisfactory for dies containing planar type 
devices. 
On the other hand, we have noted that if the dies con 

tain mesa devices, the collector-base junctions of the 
mesa dies are exposed during etching. We also noted 
that since part of the nickel coating is etched away dur 
ing dicing, it contaminates the etch solution. The dis 
solved nickel can deposit on the exposed collector-base 
junctions resulting in an instability in the junction. The 
present invention prevents such metallic ions from con 
taminating the etch solution, and yet permits one to use 
the conventional etch-out technique of separating 
nickel coated dies from a wafer. More particularly, the 
present invention provides an inexpensive and reliable 
means for selectively depositing the nickel coating out 
side the grid etch-out lines. 

In the pending patent application, U.S. Ser. No. 
325,227, Hudson et al., it was disclosed that one could 
form a pattern of ridges on the emitter face of a semi 
conductor wafer during the same process in which 
mesa emitters were formed. The above mentioned pa 
tent application utilizes this pattern of ridges in connec 
tion with a wax spray mask for the front side of the wa 
fer. The spray mask has grooves which correspond to 
the pattern of ridges. The spray mask interlocks with 
the wafer and allows selective deposition of wax on the 
mesa emitters on the front side of the semiconductor 
wafer. . 

This present invention makes use of these same wafer 
ridges to facilitate precise registry of selected regions 
in a photomask for the back side of the wafer with emit 
ter regions on the front side of the wafer. In this way, 
a metallic coating can be applied to selected areas on 
the back side of the wafer between the etch-out grid 
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2 
lines and avoid etching the nickel coating during die 
separation. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of this invention to provide an assembly 
that facilitates masking a back side of a semiconductor 
wafer in precise alignment with particular regions on 
the wafer front side. 
Another object of this invention is to provide an im 

proved method of applying a metallic coating on se 
lected areas on the back side of a semiconductor wafer. 
Another object of this_invention is to permit the use 

of conventional etch-out techniques for releasing indi 
vidual mesa dies having a nickel coating on their collec 
tor region from a wafer without contaminating the col 
lector-base junction. 
This invention involves an alignment assembly and a 

related process for masking and depositing a metallic 
coating on selected areas on the back side of a semi 
conductor wafer. The assembly includes a distinctive 
alignment chuck having grooves therein. A photomask 
is aligned with the chuck grooves and secured to means 
for repetitively abutting a back side of semiconductor 
wafers successively nested in the chuck, while retaining 
original alignment with the chuck. The wafers have a 
pattern of ridges on their front sides which are nested 
in the chuck grooves, thereby assuring positive align 
ment of the wafers in the chuck, and automatic regis 
tration of the photomask with particular regions on the 
wafer front side. The back sides of the wafers are 
coated with a photoresist, which is subjected to an ul 
traviolet light through the photomask. The unexposed 
photoresist areas are removed to expose selected areas v 

on the wafer back side on which a metallic coating can 
be deposited. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an enlarged fragmentary sectional view 
showing an alignment chuck, a semiconductor wafer 
nested in it, and a photomask on the wafer, all in posi 
tive alignment; 
FIG. 2 is an enlarged fragmentary isometric view 

showing the alignment chuck; 
FIG. 3 is an exploded isometric view showing the 

alignment chuck, a ridged semiconductor wafer and a 
photomask member of the assembly; and 
FIG. 4 is a schematic view of the assembly. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, silicon semiconductor 
wafer 10 has two major parallel faces 12 and 14. Face 
12 contains a plurality of mesa emitters 16 located in 
parallel rows and columns on face 12 of the wafer 10. 
The face 12 of the semiconductor wafer containing the 
emitter regions of the discrete devices is referred to 
herein as the front side of the wafer. Face 14 of semi 
conductor wafer 10 is generally ?at and forms a com 
mon collector region of the plurality of discrete devices 
in the wafer. This face is designated herein as the back 
side of the semiconductor wafer. As can be seen in the 
drawings, a grid pattern of ridges 18 is on the front side 
of the wafer in the areas between discrete mesa emit~ 
ters 16. 

In such wafers having mesa emitter devices, the 
ridges do not have to be formed in a separate process 
ing operation. They can be formed at the same time the 
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mesa emitters are being produced. A commonly used 
method of forming mesa emitters is to apply a photore 
sist, such as KMER, to the front side of a planar semi 
conductor wafer on which the mesa emitters are to be 
formed. A photomask is placed on the front side of the 
waferexposing only portions of the wafer where the 
mesas are to be formed. The photoresist is then devel 
oped, which removes the resist from all the wafer'por 
tions except those subjected to the ultraviolet light. The 
wafer is then placed in a chemical etchant to etch away 
the unprotected portions of the wafer face. The etchant 
erodes away these regions until a plurality of discrete 
raised islands, or mesa emitters, on the semiconductor 
wafer is produced. 
To form a pattern of ridges between these mesa emit 

ters, one need only design the photomask to concur 
rently also expose the photoresist in a desired ridge pat 
tern when the mesa portions are exposed to the ultravi 
olet light. One then subjects the wafer to the same de 
veloping and etching process as described above for the 
mesa emitters. On development of the resist, the wafer 
surface is not only protected in the mesa portions, but‘ 
also inv an intersecting grid pattern between them. On 
etching the wafer face toform the mesa emitters, one 
concurrently produces a pattern of intersecting ridges 
between the mesa emitters that are coplanar with the 
mesas. The ridges 18, in this example, are approxi 
mately 0.004 inch wide and 0.001 inch high. 

Silicon dioxide (SiO2) layer 20 is approximately 6000 
angstroms thick and coextensive with and contiguous 
the wafer back side 14. Typically, the silicon dioxide 
layer 20 is formed during a prior diffusion process in 
which impurity atoms of a selected conductivity type 
are diffused into the wafer. A photoresist, such as 
KMER, is applied to the silicon dioxide layer 20. The 
photoresist layer 22 is approximately 2 to 3 mils thick 
and is coextensive and contiguous silicon dioxide layer 
20. . 

Attention is now directed to the alignment chuck 24. 
The chuck 24 is a unitary body having a disc-shaped 
con?guration de?ned by two parallel major surfaces 26 
and 28 and a circumferential periphery 30. While par 
allelism between surfaces 26‘and 28 provides aconve 
nience, parallelism is not required. In fact, surface 28 
need not even be ?at. The lateral dimensions of the 
chuck are somewhat variable, and in this illustration, 
the dimensions of the chuck are chosen to adapt to the 
base member 32 of the assembly as can be seen in the 
drawing. The chuck 24 in this example is approxi 
mately 1 55/64 inches in diameter with a thickness be 
tween the major surfaces of seven thirty-seconds of an 
inch. The alignment chuck is preferably made of metal, 
as for example stainless steel. 
Extending from surface 26 of the alignment chuck 24 

is a plurality of intersecting portions 34. Intersecting 
portions 34 project approximately one thirty-second of 
an inch outwardly from major surface 26. The inter 
secting portions generally correspond to the pattern of 
ridges 18 on semiconductor wafer 10. That is, they also 
form a grid pattern with eachv separate portion inter 
secting each other at right angles. The plurality of inter 
secting portions 34 form a circular pattern concentric 
with the chuck having an effective diameter of approxi 
mately 1 3/32 inch which is slightly less than the diame 
ter of semiconductor wafer 10. The reason for this'is 
that during processing of the ridges, when photoresist . 
is applied to wafer back side, photoresist tends to run 
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4 
over the wafer edges onto the front side of the wafer. 
This results in a loss of definition of the ridges on the 
outer periphery of the wafer. By making the effective 
diameter of the plurality of intersecting portions less 
than the diameter of the wafer, one can still obtain the 
precision of registration required, and yet avoid thev 
photoresist coated areas toward the outer periphery of 
the wafer. 

Intersecting portions 34 are approximately 0.045 t 
0.005 inch wide. The plurality of intersecting portions 
de?ne rectangular recess areas 36. As can be seen in 
the drawings, these recessed areas receive mesa emit 
ters 16. Several of these recessed areas 36 have open 
ings 38 therethrough. Openings 38 extend through the 
chuck and may be used as passages to a vacuum mani 
fold,'if one wishes to hold semiconductor wafer 10 in 
place during processing. Three countersunk holes 40 
facilitate securing the alignment chuck 24 into a sup 
porting base member 32. 

Intersecting portions 34 form a grid face 42 which is 
spaced from major surface 26. Disposed within grid 
face 42 of the intersecting portions is a grid pattern of 
grooves 44. Grooves 44 are V-shaped subtending an 
angle of 60° and precisely correspond with the pattern 
of ridges on the front side of semiconductor wafer 10. 
The grooves have a width and depth slightly greater 
than the width and height of the ridges. In this example, 
the grooves are approximately 0.0055 i 0.0005 inch 
wide and have a depth approximately 0.002 inch. It 
should be noted that the grooves 44 may be other than 
V-shaped, the only prerequisite being that they permit 
fairly tight nesting (i We mils) of the ridges there 
within. 
Attention is now referred to photomask 46. The pho 

tomask is of a standard transparent material such as 
glass and has two major parallel faces. On one face is 
a plurality of opaque squares 48 corresponding to the 
mesa emitters 16 on the front side of semiconductor 
wafer 10. On the same face of photomask 46 are very 
thin, dashed etched crosshairs 50 in the areas between 
opaque squares 48. Crosshairs 50 are translucent so as 
not to prevent light from passing through the areas be 
tween the opaque squares. The crosshairs correspond 
to grooves 44 of alignment chuck 24. 7 
As can be seen in FIG. 4, the alignment chuck 24 is 

disposed within base member 32 so that intersecting 
portions 34 protrude from the top surface of base mem 
ber 32. Base member 32 serves as a support structure 
for the assembly and is constructed of any suitable rigid 
material. The chuck may be secured to the base mem 
ber 32 by three screws extending through countersunk 
holes 40. Photomask 46 is inserted in a slot in one end 
of a rigid vertically movable arm 52. The photomask is 
then optically aligned with the alignment chuck 24 
below via aligning the crosshairs 50 with the grooves 44 
of the chuck. The photomask is secured to the arm 52 
as by a series set screws 54 to retain the alignment. 
Movable arm 52 permits vertical movement of the pho 
tomask in relation to the chuck but still retains the 
alignment therewith. This may be accomplished by the 
use of a key 56 in the arm 52 and a key way 58in a post 
60. This prevents any lateral movement of the am but 
permits vertical movement without disturbing, the 
alignment between‘the photomask 46 and the chuck 
24. It should be noted that other means may be used to 
accomplish this end. For example, the chuck can be 
disposed within a support structure having a rigid arm 
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hinged on the periphery of the support. The photomask 
can be secured to the unhinged end of the arm, thus 
permitting the photomask to be raised from the chuck 
but retaining the alignment therewith. 
The movable arm 52 with photomask 46 in positive 

alignment with chuck 24 is raised from the chuck in 
order to insert semiconductor wafer 10 in the chuck. 
The front side of the semiconductor wafer 10 whose 
back side has been previously coated with photoresist 
is placed face down on face 42 of intersecting portions 
34 so that wafer ridges l8 nest in grooves 44 of align 
ment chuck 24. The nesting of the ridges in the chuck 
grooves places the wafer in the desired position in rela 
tion to the chuck. Since the photomask 46 has been 
previously aligned with the grooves in the chuck, the 
opaque squares 48 of the photomask are automatically 
registered with the emitter regions 16 on the front side 
of semiconductor wafer 10. 
Movable arm 52 with photomask 46 thereon is low 

ered so that the mask abuts the back side of semicon 
ductor wafer 10. As can be seen in the drawings, 
opaque squares 48 corrrespond to the mesa emitters 16 
on the front side of the wafer. The photoresist layer 22 
on the back side of the wafer with the photomask 46 

15 

thereon is subjected to an ultraviolet light 62. As can 25 
be seen, the entire photoresist layer 22 on the backside 
of the wafer is exposed except selected areas which are 
covered by opaque squares 48. t 
The wafer is then removed and the photoresist is de 

veloped by the usual process known in the art. The de 
velopment of the photoresist forms a plurality of win 
dows within the photoresist layer 22 that expose se 
lected areas of the silicon dioxide layer 20. It should be 
noted that these selected areas are in alignment with 
the mesa emitters on the front side of the wafer. The 
front side of the wafer is then covered with a suitable 
maskant such as wax. The wafer is then submersed in 
an etchant and the windows of silicon dioxide within 
the photoresist layer 22 are etched away. These etched 
areas extend through the silicon dioxide layer 20 so as 
to expose selected areas of silicon on the backside of 
semiconductor wafer 10. 
The remaining photoresist of photoresist layer 22 is 

then removed as by known photoresist strippers and tri 
chloroethylene rinses. The remaining silicon dioxide of 
the silicon dioxide layer 22 serves as a mask in the fol 
lowing metal deposition step. 
Nickel is then electrolessly plated onto the selected 

areas on the backside of the wafer. The nickel will not 
adhere to the silicon dioxide, but will adhere to the sili 
con of these selected areas. Hence, the nickel has been 
selectively deposited on these areas on the back side of 
the wafer. This plurality of selectively deposited metal 
lic coatings serve as solderable electrodes for the col 
lector region of the discrete devices. It should be noted 
also that these selective nickel coatings are outside the 
etch lines or portions that are to be subsequently 
etched, so that the discrete devices now may be sepa 
rated by the usual etching process and the nickel will 
not enter the etchant solution. Therefore, the collector 
base junctions of the discrete dies will not be contami 
nated thereby. 
Alternate deposition processes may be used as a sub 

stitute for electroless plating. For example, after the se 
lected areas of silicon on the wafer back side are ex 
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6 
posed and before the photoresist is removed, the metal 
lic coating may be evaporated onto the back side of the 
wafer. After the evaporation process, the photoresist 
can be stripped from the back side, as hereinbefore ex 
plained, leaving the metal coating only the selected 
areas of silicon on the wafer back side. 

It should be noted that although nickel has been 
found to be the most practical metal to use in produc 
tion, other metals may be substituted therefor such as 
gold. Furthermore, it should be evident to one skilled 
in the art that this assembly and method of using it may 
be easily adapted to current alignment machines, such 
as a Kulicke-Soffa Alignment Mahine. Therefore, it is 
to be understood that although this invention was de 
scribed by a certain speci?c example thereof, no limita 
tion is intended thereby except as de?ned in the ap 
pended claims. 

It is claimed: 
1. Apparatus for automaticallyaligning a semicon 

ductor wafer back side photomask that is complemen 
tary to and in precise registration with a plurality of 
emitter mesas on the front side of the wafer, said appa 
ratus comprising: 
an alignment chuck having a face for receiving the 

front side of a circular semiconductor wafer having 
a plurality of emitter mesas on its front side and a 
grid pattern of intersecting ridges between and 
spaced from the emitter mesas; 

a pattern of intersecting ridges on said chuck face 
corresponding to said grid pattern on said wafer 
and forming a plurality of recesses in said chuck 
face corresponding to said emitter mesas; 

a pattern of intersecting grooves in said chuck ridges 
corresponding to said wafer ridges, said chuck 
grooves having a V-shaped cross section with a 
depth and width slightly greater than the height and 
width of the wafer ridges, whereby said wafer 
ridges and emitter mesas can nest within said chuck 
grooves and recesses, respectively, and automati 
cally align said wafer with said chuck; 
generally circular outer periphery on said pattern 
of chuck ridges of a diameter slightly less than the 
diameter of said wafer so as to avoid engagement 
with peripheral portions of said wafer which may 
not have well-de?ned ridges; 

a support that is movable into and out of a predeter 
mined position that is adjacent said chuck; 

means for automatically guiding said movable sup 
port into said predetermined position adjacent said 
chuck; 

a wafer back side photomask that is complementary 
to said wafer front side; 

means fixing said photomask to said movable support 
whereby movement of said support into said prede 
termined position moves said photomask into 
contact with the back side of a wafer whose front 
side is nested in said chuck grooves and recesses; 
and 

said photomask precisely aligned with said chuck 
grooves when said support is in said predetermined 
position, and thereby automatically precisely 
aligned with a wafer front side nested in said chuck 
grooves and recesses. 
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